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ABSTRACT 

We  have  studied  the  global  features  of  high- latitude 
precipitating  particles  during  a  fifteen  hour  period  of  stably 
northward,  toward  sector  Interplanetary  magnetic  field  (IMF). 
Thirty  passes  of  DHSP  precipitating  electron  and  Ion  measure¬ 
ments  enabled  us  to  examine  Che  average  polar  cap  particle 
Intensity,  morphology  and  characteristic  spectra.  Large  scale 
regions  of  Ion  enhancement,  with  energy  spectra  similar  to  those 
for  boundary  plasma  sheet  Ions,  are  associated  with  polar  cap 
arcs.  The  high  latitude  precipitation  patterns  for  each 
hemisphere  are  nearly  mirror  Images,  thereby  shoving  an  IMF 
sector  (or  By)  dependence. 

I.  INTRODUCTION 

When  Che  IMF  has  a  strongly  northward  component  (+Bz), 
enhanced  particle  precipitation  Into  the  polar  cap  occurs  and 
characteristic  precipitation  patterns  can  be  recognized.  It  Is 
Important  to  our  understanding  of  polar  cap  dynamics  to  relate 
the  source  region  and  global  features  of  the  precipitating 
particles  to  aspects  of  the  solar  vlnd-ioagnetosphere-lonosphere 
coupling  process.  In  this  report  we  describe  Che  DHSP  observed 
particle  characteristics  during  a  period  of  strongly  positive 
IMF  Bz  and  negative  IMF  By.  Asymmetrical  features  between  the 
polar  hemispheres  that  Indicate  an  IMF  effect  are  examined. 

The  DHSP  F6  and  F7  saCellltes  measure  both  precipitating 
electrons  and  Ions  In  the  energy  range  30  eV  to  30  keV.  Polar 
cap  precipitating  electrons  In  the  energy  range  of  50  eV  to  20 
keV  for  similar  IMF  conditions  have  been  discussed  by  Hardy 
et  al.  [1].  Here  we  focus  on  Che  precipitating  Ion  structures 
and  Che  characteristics  of  slmulcaneously  measured  electrons 
over  the  larger  energy  range. 

We  describe  Che  environmental  conditions  under  which 
observations  were  made  In  Section  II.  In  section  III  t/e 
Identify  large-scale  features  from  Che  Integral  number  flux. 
Integral  energy  flux  and  average  spectral  characteristics  of  the 
precipitating  Ions  and  electrons  for  two  consecutive  passes  over 
the  south  pole  and  the  north  pole.  In  section  IV  we  make 
northern-southern  hemisphere  comparisons  of  the  large-scale 
features  In  Che  average  precipitation  patterns  for  various 
magnetic  local  time  sectors. 
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II.  GEOMAGNETIC,  IMF,  AND  SOLAR  WIND  CONDITIONS 

Prevailing  conditions  froa  19  OT,  1  November  to  10  UT, 

2  November  1984  are  as  follovs:  For  the  15  hours  of  Interest 
(with  a  data  gap  at  03-05  UT)  each  IMF  component  had  a  fixed 
polarity  (+B*,  -By,  +Bx).  The  magnitude  of  Bz  Is  persistently 
large  (>10  nT).  The  ratio  of  Bz  to  By,  except  for  the  first 
hour,  varies  from  1.5  to  5.  The  solar  wind  density  Is  <15 
lons/cm^  and  temperature  Is  >10^  The  solar  wind  speed  ranges 
from  400  to  500  km/s  |2].  The  fCp  Index  Is  stable  at  2-  to  3-. 
The  Ost  Index  shows  that  the  period  of  Interest  occurs  during 
the  late  recovery  phase  of  a  storm. 

We  assume  that  the  similar  IMF  conditions  which  are  seen 
before  and  after  the  data  gap  from  03  to  05  UT  on  2  November, 
persist  during  the  gap.  This  Is  reasonable  since  Rp  Is  stable, 
Ost  la  stable  and  3  consecutive  F6  Images  (not  shown)  from 
before,  during  and  after  the  gap  are  similar. 

III.  LARGE  SCALE  FEATURES  OF  PRECIPITATING  PARTICLES 

The  observed  particle  precipitation  Is  used  to  determine 
large  scale  features  and  patterns,  particularly,  1)  the 
equatorward  boundaries  of  auroral  electrons  and  Ions;  2)  the 
boundaries  between  diffuse  and  discrete  auroras;  and  3)  the 
boundaries  between  discrete  auroral  electron  precipitation  and,- 
low-intensity  electron  precipitation  at  the  highest  latitudes. 
The  boundaries  are  determined  from  the  profiles  of  the  Integral 
number  flux  (JTOT  In  electron/ cm^-s-sr)  and  energy  flux  (JETOT 
In  keV/cm^-s-sr)  of  precipitating  electrons. 

We  Illustrate  the  large-scale  features  found  with  the 
electron  and  Ion  data  from  two  consecutive  south  and  north  polar 
passes  of  the  F6  satellite  on  2  November  1984  between  2:59  and 
4:06  hours  UT.  Fig.  1  la  a  plot  of  electron  (top)  and  Ion 
(bottom)  JTOT  and  JETOT  profiles  for  these  passes.  From  left  to. 
right  the  F6  satellite  travelled  over  the  south  pole  (SP)  from 
dusk  to  dawn  and  continued  over  the  north  pole  (NP)  from  daWn  to 
dusk.  Arrow  bars  shown  between  electron  and  Ion  panels  In 
Fig.  1  Indicate  the  approximate  locations  of  various  boundaries 
that  separate  the  electron  JTOT  pattern  Into  5  regions:  (A)  the 
evening  diffuse  aurora  characterized  by  a  uniform  flux  level 
of  ~  6x10^  (electron  /cm^-s-sr);  (B)  the  evening  discrete  aurora 
with  an  average  (though  non-uniform)  flux  level  of  ~  10®;  (C) 
the  polar  cap  characterized  by  a  low  flux  level  of  <  10^;  (D) 
the  morning  discrete  aurora  with  an  average  flux  level  of  ~  10®; 
and  (E)  the  morning  diffuse  aurora  with  a  constant  flux  level 
of  ^  1.5x10®.  These  boundaries  also  serve  to  characterize 
regions  In  the  electron-JETOT  and  the  loa-JTOT  and  -JETOT 
patterns. 

Comparing  the  north  pole  electron  JETOT  pattern  to  the 
north  pole  DMSP  Image,  Intense  polar  cap  arcs  occur  on  the 
morning  side  (Region  D) ,  which  coincide  with  the  second 
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Intensification  of  JTOT  In  the  electron  and  Ion  precipitation 
patterns  at  the  high  latitude  portion  of  Region  D.  We  also 
associate  the  second  high  latitude  block  of  electron  and  Ion 
precipitation  In  the  south  pole  with  polar  cap  arcs.  The  polar 
cap  arcs  of  the  south  pole,  however,  are  oost  Intense  on  the 
evening  side  (Region  B) .  The  Intensity  level  of  both  electron 
and  Ion  fluxes  In  the  polar  cap  (Region  C)  In  the  north  pole  Is 
considerably  lower  (about  an  order  of  oiagnitude  for  the 
electrons)  than  It  Is  In  the  south  pole.  The’ preferred 
enhancement  In  the  south  polar  cap  for  -By  Is  the  same  as  the 
hemisphere-selective  enhancement  of  the  polar  rain  flux  found  by 
Gussanhoven  et  al.  (3).  Additionally,  we  note  In  Fig.  1  that 
the  strongest  Ion  precipitation  Is  located  In  the  equatorward 
section  of  the  morning  discrete  aurora  (Region  D),  Independent 
of  hemisphere. 
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Figure  1.  Examples  of  the  integral  number  flux  (JTOT) 
and  energy  flux  (JETOT)  of  precipitating  particles  In 
the  south  pole  (SP)  and  north  pole  (NP).  JTOT,  In 
(cm^-s-sr)”^,  and  JETOT,  In  (keV/cm^-s-sr)  are  plotted 
as  functions  of  universal  time  (UT)  in  (hours :mlnute8) , 
corrected  geomagnetic  latitude  (MLAT),  longitude  (NLON) 
and  magnetic  local  time  (MLT)  all  projected  to  an 
altitude  of  110  km.  Arrows  mark  large-scale  regions  of 
characteristic  precipitation. 

We  also  examine  the  spectral  characteristics  In  the  high 
latitude  precipitation  regions  which  show  north-south  pole 
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asymmetry.  Sample  spectra  from  the  north  pole  pass  (right  panel) 
In  Fig.  1  are  shown  In  Pig.  2  where  we  plot  the  electron  (left) 
and  Ion  (right)  distribution  function  (cffl~^  sec^)  as  a  function 
of  energy  (eV).  The  solid  lines  represent  spectra  from  the 
poleward  portion  of  the  polar  cap  arc  region  (Region  D).  The 
dashed  lines  represent  spectra  from  the  central  Region  C. 

Clearly  the  spectra  In  the  two  regions  differ. 

The  electron  energy  spectrum  associated  with  polar  cap  arc 
can  be  described  approximately  as  an  accelerated-Maxvelllan 
distribution  with  a  parallel  electrostatic  potential  drop  («|) 
of  -  O.S  kV.  The  Ion  energy  spectrum  from  the  polar  cap  arc 
region  can  be  described  as  a  drlf tlng~Maxwelllan  distribution 
with  bulk  energy  (E(j)  of  -.2  keV. 

The  sample  polar  cap  arc  region  spectra  are  tvplcal  of 
spectra  measured  throughout  the  poleward  portion  of  Region  D 
(dawn  side)  In  the  north  pole,  and  the  poleward  portion  of 
Region  B  (dusk  side)  In  the  south  pole.  The  of  electron 
spectrum  across  the  polar  cap  arc  region  varies  form  0.3  to  1  kV, 
while  the  E^,  of  Ion  spectrum  ranges  from  0.4  to  2  keV.  The  Ion 
spectra  In  the  polar  cap  are  regions  resemble  the  earthward 
streaming  Ion  spectra  observed  In  the  distant  plasma  sheet 
boundary  layer  (4|.  The  small  electron  acceleration  («|)  and  the 
loo  bulk  motion  (E),)  seen  In  the  distribution  functions  would 
suggest  plasma  sheet  boundary  layer  as  the  possible  source  region 
of  the  precipitating  particles. 
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Figure  2.  Sample  energy  spectra  at  the  highest 
latitudes  In  Che  northern  hemisphere  during  stable 
northward  IMF  Bz. 


IV.  NORTHERN  HEMISPHERE-SOUTHERN  HEMISPHERE  COMPARISONS 

Asymmetrical  features  of  the  polar  region  precipitating 
electrons  which  strongly  correlate  with  the  polarity  of  the  IMF 
sector  have  previously  been  observed  [5,  6J.  To  examine  the  IMF 
sector  dependence  of  the  high  latitude  precipitation  we  compare 
(Fig.  3)  the  average  pattern  of  particle  energy  flux  (JETOT)  over 
the  northern  hemisphere  with  that  over  the  southern  hemisphere. 

We  assume  that  the  hemisphere-dependence  mainly  results  from  the 
reversal  of  the  IMF  By  control  and  that  the  seasonal  effect  on 
this  dependence  Is  insignificant.  Combining  the  F6  and  F7 
measurements,  there  are  16  northern  hemisphere  passes  and  14 
southern  hemisphere  passes. 
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Figure  3.  Global  distributions  of  the  precipitating 
particle  energy  flux  (JETOT,  In  keV/cm^-s-sr)  In  MLAT 
versus  MLT  coordinates  from  19  UT  1  November  to  09  UT 
2  November  1984,  The  global  patterns  of  JETOT  are 
separated  by  pole.  Hemisphere-dependent  asymmetry 
Is  apparent  in  the  JETOT  patterns  for  MLAT  >  75°. 
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Fig.  3  l9  a  gray-acale  plot  of  the  levela  of  JETOT  In  MLAT 
versus  MLT  coordinates  for  each  pole  (south  at  top;  north  at 
bottom)  and  for  each  particle  species  (Ions  on  the  left; 
electrons  on  the  right).  The  2.5®  by  2.5®  bln  site  accommodates 
the  small  data  set  and  reduces  floe  scale  effects  possibly 
resulting  from  the  slight  variations  of  the  IMF  orientation,  but 
unfortunately  also  reduces  the  resolution  of  discrete  particle 
features  and  underestimates  the  magnitude  of  the  peak  flux 
levels. 

The  equatorvard  boundaries  of  the  precipitating  particles 
shown  In  Fig.  3  all  fit  fairly  well  a  circle  of  23®  radius  with 
the  center  offset  3®  toward  midnight.  There  Is  no  large 
difference  between  the  electron  and  Ion  equatorvard  boundaries. 

In  the  diffuse  aurora.  Just  poleward  of  the  equatorvard  boundary, 
the  northern  hemisphere  and  southern  hemisphere  precipitation  Is 
very  similar.  However,  the  electron  energy  flux  Is  about  a 
factor  of  20  higher  than  the  Ion  energy  flux. 

Poleward  of  the  diffuse  aurora  at  >70®  MLAT  two  hemisphere- 
selective  features  are  clearly  demonstrated  In  Fig.  3.  The  first 
Is  the  morphology  of  the  low  Intensity  (polar  cap)  precipitation 
region  beat  seen  In  the  Ion  plots.  A  O-shaped  region  which  has  a 
larger  latitudinal  extent  on  the  night  side  than  on  the  dayslde  Is 
seen  In  both  hemispheres.  In  the  north  pole,  the  low-intensity 
Ion  precipitation  region  Is  approximately  symmetrical  with  respect 
to  the  noon-midnight  HLT  meridian  and  occurs  mostly  on  the  night 
side.  The  central  location  of  the  southern  low-intensity  Ion 
precipitation  region,  however,  shifts  about  5®  off  the  noon- 
mldnlght  HLT  meridian  toward  dawn  and  extends  further  Into  the 
dayslde. 

The  second  hemisphere-dependent  feature  Is  most  readily 
seen  In  the  electron  plots  (right  panels  of  Fig.  3).  Intense 
electron  energy  flux  (>10®  keV/ca^-s-sr)  extends  to  latitudes  as 
high  as  >  85®  In  both  hemispheres  and  Is  Indicative  u£ 
persistent  arc  structures.  The  energy  flux  Is  generally 
stronger  In  the  southern  hemisphere  than  In  the  northern 
hemisphere. 

In  the  northern  hemisphere,  the  location  of  the  Intense 
electron  energy  flux  Is  In  the  dawn  to  prenoon  MLT  sector.  The 
strongest,  high  latitude  energy  flux  Is  between  80®  to  85®,  and 
-  05  to  10  MLT.  Though  somewhat  smeared  by  the  large  bln  size, 
this  structure  Is  connected  to  the  post-mldnlght  aurora,  because 
the  11  DMSP  Images  for  the  same  time  Interval  show  continuous 
arc  structures  emerging  from  the  early  HLT  hours.  Also  the 
brightest  arc  structure  la  skewed  toward  the  dawn  hemisphere, 
end  little  arc  structure  Is  seen  In  the  dusk  hemisphere. 

The  Intense  energy  flux  pattern  Is  very  different  In  the 
southern  hemisphere.  The  strongest  high  latitude  electron  energy 
flux  Is  now  in  the  dusk  to  midnight  sector  and  essentially 
reaches  the  pole  (-  90®).  A  second  Intense  energy  flux 
population  Is  located  In  the  10-14  HLT  sector  between  75®  and 
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85°  MLAT,  «  typical  location  of  the  dayslde  cusp.  There  Is  no 
pronounced  connection  between  the  two  regions  of  Intense  energy 
flux.  Unfortunately,  we  do  not  have  DMSP  Images  from  the 
southern  hemisphere  (because  It  la  sunlit)  to  see  whether  the 
polar  cap  arcs  In  the  dusk  sector  connect  to  the  premldnlght 
discrete  aurora. 

Heells  et  al .  [7|  have  examined  the  hlgh-latltude 
Ionospheric  convection  patterns  (mostly  on  the  dayslde)  In  the 
northern  hemisphere  during  periods  of  prolonged  northward  IMF. 
They  found  a  two-cell  convection  pattern  with  the  dominant  cell 
displaced  toward  dusk  and  with  an  anticlockwise  circulation  for 
IMF  -By.  The  dominant  cell  Is  displaced  towards  dawn  and  has 
clockwise  circulation  for  +By ;  we  assume  that  this  would  be  the 
polar  convection  pattern  In  the  southern  hemisphere  for  -By. 

With  the  latter  assumption,  the  Intense  polar  cap  precipitation 
found  for  -By  essentially  occurs  at  the  highest  latitude  sunward 
convection  regions  in  both  hemispheres.  This  association 
suggests  that  the  location  of  the  polar  cap  arcs  would  exhibit 
the  same  dependence  on  IMF  By  as  found  by  Heells  et  al .  of  the 
convection  pattern. 

V.  CONCLUSIONS 

Examination  of  particle  measurements  from  two  DMSP 
satellites  during  a  prolonged  period  of  strongly  northward  (+Bt) 
and  a  stably  toward  sector  (+Bx ,  -By)  of  the  IMF  has  shown  that 
coherent  precipitation  patterns  exist  over  wide  MLAT-MLT  spatial 
range.  Two  hemisphere-dependent,  large-scale  structures  are 
found  at  high  latitudes,  which  are  consistent  with  the  features 
k.iC-.-i  to  have  an  IMF  By  dependence.  These  structures  are  as 
follows:  First,  the  polar  cap  low-energy  population  (Region  C) 
shows  the  same  hemispheric  asymmetry  as  found  for  the  polar  rain 
for  -By.  In  the  northern  hemisphere.  Region  C  la  distributed 
symmetrically  with  respect  to  the  noon  midnight  meridian  and 
cor.flmd  mostly  to  the  nlghtsIJ-.  Region  C  In  the  southern 
hemisphere,  however,  la  displaced  toward  dawn  and  has  a  larger 
dayslde  extension.  The  Intensity  level  of  energy  flux  la  higher 
In  the  south  pole. 

Second,  the  strongest  high  latitude  particle  precipitation 
associated  with  polar  cap  arcs  is  seen  preferentially  la  the 
dawn  half  of  the  northern  hemisphere  and  In  the  dusk  half  of  the 
southern  hemisphere.  Again,  the  average  energy  fluxes  of 
electrons  and  Ions  associated  with  the  polar  cap  arcs  are 
generally  stronger  In  the  southern  hemisphere  than  In  the 
northern  hemisphere.  Furthermore,  the  conslatent  features  found 
of  field-aligned  acceleration  associated  trlth  precipitating 
electrons  and  bulk  motion  associated  with  precipitating  Ions 
suggest  Che  connection  of  the  polar  cap  arc  region  ii^th  Che 
nlghtslde  plasma  sheet  boundary  layer. 
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